To determine possible pathogenesis of Vibrio parahaemolyticus-host-organ system interactions, studies of invasiveness were made by a direct fluorescentantibody method. Broth cultures of live cells isolated from seafish or symptomatic humans were inoculated separately into ligated ileal loops of young New Zealand white rabbits. After suitable incubation, rabbits were sacrificed, and ileal loops and tissue specimens were aseptically removed. Ileal loops were prepared and stained with specific fluorescein-tagged antibody, and organ specimens were cultured for isolation of the inoculated Vibrio strain. All strains tested penetrated into the lamina propria of the ileum and were isolated from the cultured tissue specimens, indicating that the organism is capable of more than a superficial colonization of the gut. The presence of Vibrio in cultured tissue specimens suggests invasion of deeper tissue by either the lymphatic or the circulatory system.
In 1967, Yahagi (20) reported the localization of a Kanagawa-positive strain of Vibrio parahaemolyticus in the epithelial tissue and lamina propria of ligated rabbit ileal loops stained by immunofluorescence. He found that the localized strain neither increased in number nor extended to deeper tissue of the intestine.
Calia and Johnson (2) recovered several Kanagawa-positive strains from blood, liver, and spleen of suckling rabbits 7 h after intragastric challenge. The Kanagawa-negative strain tested was not recovered under the same conditions.
In a study by Carruthers (3), Kanagawa-positive strains were found to adhere to human fetal intestinal cells at a greater rate than Kanagawanegative strains.
The enteropathogenicity of Vibrio has not yet been conclusively tied to hemolytic activity; that is, Kanagawa-positive strains do not consistently cause a positive disease response in an appropriate animal test system (1, (17) (18) (19) . Furthermore, Kanagawa-negative strains have been reported to comprise a small but significant proportion (3.5 to 11.6%) of the total V. parahaemolyticus strains isolated from patients' stools during outbreaks of gastroenteritis (10, 12) . Often they are the only V. parahaemolyticus strains isolated from patients (16) . Despite many attempts in our laboratory (1, (17) (18) (19) and by others (8) 
RESULTS
Fluorescence, and hematoxylin and eosin studies. All strains, including 9020, penetrated into the lamina propria of the viii, but Vibrio strains 553, 554, 393, and 395 extended into the muscularis externa of the ileum. An invasive organism that can penetrate the lamina propria of a susceptible host may extend through the lymphatic or blood system to other organ sites. This possibility was investigated by attempting cultural isolation of Vibrio from the major organs of spleen, liver, pancreas, heart, lung, and heart blood of animals that had been surgically inoculated with a Vibrio strain. (Fig. 1) . Macroscopically, loops inoculated with these strains usually appeared normal, with no accumulation of fluid and no inflammation. Microscopically, the ileal mucosa and muscularis externa were not structurally altered. The hematoxylin and eosin sections appeared normal except for foci of neutro- phils, indicating that infection was scattered throughout the inoculated loops. Fluorescent studies revealed the penetration of Kanagawa-positive strain 553 at least into the lamina propria of the villi in all rabbits challenged with this strain (Fig. 2) . Viable cells of 553 were also isolated from all organs cultured from rabbits inoculated with strain 553 (Table  2 ). The hematoxylin and eosin sections, taken consecutively with the fluorescent sections from rabbit loops inoculated with strain 553, show lamina propria (Fig. 3) that is greatly altered in appearance compared with sections from loops inoculated with control media (Fig. 4) .
Kanagawa-positive strain 554, which showed fluorescent evidence of invasion into the lamina propria of most rabbits tested, failed to be recovered from all organs cultured from all strain 554-challenged rabbits ( Table 2 ). The presence of strain 554 is clearly visible in the fluorescentantibody-stained section of villi (Fig. 5 ), in contrast to the absence of specific fluorescence in villi of loops inoculated with control media and stained with the same specific fluorescent antibody (Fig. 6 ).
Seafish isolate 9020 was found to penetrate into the lamina propria only once in five tests. Control loops that were run simultaneously with test loops indicated no fluorescence from bacteria or host cell constituents with tagged globulin specific for any of the five tested strains.
DISCUSSION
All strains of V. parahaemolyticus tested with the rabbit ileal loop model penetrated with varying frequency into the lamina propria of the ileal vili. Although this system cannot be considered a natural situation, it is an in vivo mammalian system that biologically approximates the human gut.
When we initiated our study, we expected, on the basis of past experience with the rabbit ileal loop model (1, (17) (18) (19) , that the consistently negative loops produced by the vast majority of Kanagawa-negative strains would invade less often or not at all. That speculation proved to be the case ( peritoneum by surgical error cannot be entirely dismissed, invasive strains might, as a result of a surgical "seeding," infect all of the abdominal viscera. Such a pattern of infection was not found. Furthermore, no strains of V. parahaemolyticus were isolated from organs of rabbits that did not show evidence of invasion by fluorescent microscopy.
The bloody, swollen loops inoculated with Kanagawa-positive strains of Vibrio are comparable to severe gastroenteritis in humans. Invasion by that organism, however, may be a rare occurrence in the healthy human host. If Vibrio can survive long enough to multiply in the gut and produce significant amounts of hemolysin or unknown factors that cause gastroenteritis, and if the healthy host can resist tissue invasion, then penetration by the organism may be unrelated to the resulting disease. If, however, the cytotoxic, cardiotrophic hemolysin can produce death in a compromised, less-resistant person, invasion and infection may become very significant aspects of the overall disease picture of Vibrio.
Disease produced by Vibrio has long been tied to production of thermostable hemolysin even though Kanagawa-negative strains have been isolated from persons clinically ill. The findings that all strains tested can penetrate the ileal mucosa and can multiply extensively in the lamina propria and muscularis externa suggest that the invasiveness capabilities of this organism must also be considered along with its hemolysin-producing capability. The possibilities of penetration or invasion, establishment of generalized infection of the ileum, and spread to the liver, spleen, and pancreas must be considered in the pathogenesis of vibriosis.
